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CORROSIONEMBRITTLEMENTOF DURALUMIN.

1. PRACTICALASPECTSOF THEPROBLEM.

By HenryS. Rawdon.

Sinceaircraftdesignis trendingtowardall-rnetslconfitr~c-

tion,thestrongheat-treatablelightaluminumalloy,dur&lumin,*

is findingincreasingapplication.In airplanes,forexample,

it isusedin sheetform,forwingandfuselagecoverings,for

floats;in tubes,platesandspecialsectionsforwingandfuse-

lagestructuxesjas wellas inverymuchthickersections,for

propellers.In lighter-than-airaircraft,

tireframeworkis constructedoutof sheet

practically

duralumin.

theen-

Doubthasbeenexpressedat timesconcerningthereliabil- _

ityandpermanenceof thesematerials.Theveryextensiveand

successfuluse of thelightaluminumalloysforaircraft,howev-

er,has servedin largemeasureto refutesuchimputations.Such

an answerisnotentirelysatisfactory,however,whenit is con-

sideredthatintheearlydr.ysof theaircraftindustry,espe-

ciallyduringthewszconditions,muchof theaircraftservedits

purposeandbecameobsoletebeforesnyseriousimpairmentof the

propertiesof thematerialhad oc~urredor at leastbeendetected.

*Inthisemdwcceedingreportsof theseries,theterm“duralu-
mini’isusedas referringto theelms of heat-treatablealloys
containing(32,Mg, Mn,and Si andnotto theproductof anY
particularmanufacturer.
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At thepresenttime,however,conditionsaresomewhatdifferent.

Withthegreatlyincreasedlife,largelyas R resultof thegreat-

ly improvedmethodsofdesign,thatmayrightlybe expectedof

modernaircraft,thequestionof thepermanenceof thematerial

usedin theconstructionof suchaircraftbecomesoneof increas-

ingimportance.

Durcilumindoesnotrustnordoesit corroderapidlyin the

air,in theordinarysenseOS theword. Aftertheinitialdull–

ingof thebrightsurfaceby briefexposureto theweather,it —

retainsitsappearanceforyearswithoutmuchchange.A COmpi2X-

isonof theappear~ceof weathezedduraluminwiththatof steel

whichhasbeensubjectedto thesme corrosiveconditionsisof
● .

particularinterestsincethebehaviorof ironandsteelserves

, commonlyas a measureof thecomparativepermanenceof metalsex-

posedunderatmosphericconditions.Figure1 showstheappear-

anceof theendof a duralumingirderof thesamegeneraltype

as isusedintheconstructionof airships,thesteelendplates

havingbeenaddedin thiscasefortestpurposes.The surface

conditionshownin Figure1 resultedfromthreeyeus~ exposure

on theroofof oneof theBureauof Standardsbuildings.

Thepronouncedrustingof thesteel,withconsequentloss

of section,is evident.Ordinarily,however,no doubtwouldbe

expressedconcerningtheconditionof thedur~uminon thebasis

of itsappearance.Mostduraluminundermostconditionsof use

retainsforyearsitsinitialstrengthomdductilityalmostun-



?

,

N.A.C.A.TechnicalNoteNo.282 3

impaired.Thisisnotalwaystrue,however.Somedur.almin,

undersomeconditionsofuse,becomesseriouslyimpairedin its

propertiesalthoughitmay showno greaterevidenceof it on.

thesurfacethanis shownby theduraluminpcmtsinFigure1*

Corrosionof theOrdinaryT=.

Aluminumandthealuminum-richalloysarereadilyattacked

by a numberof strongcorrosivereagents,bothacidandal.k,nline.

Hydrofluoricacidis a goodexampleof theformerandsodium

hydroxideof-thelatter.Specimensof durslumin,whenimmersed

in eitherof thesesolutionsarevigorouslyattackedas is evi-

dencedby thecopiousevolutionof gasbubbles.Thesurfaceof

themetal,as thecorrosionproceeds,takeson a mattappesx-

ance(beneaththedszkfilmof corrosionproducts)as a resultof

theslightroughening(pitting)thatoccurs.Themaximumten-

sileloadwhicha specimencan-carry,aftercorrosion,is,of

course,lessthanbeforecorrosion,thereductionbeingpropor-

tionalto thechangein thecross-sectionaldimensionsof the

bsr. Thetensilepropertiesof thecorrodedmaterial,as referred

to thenewcrosssectionof the specimen,however,areonly

slightlychanged,if at all,evenif thecorrosiveattackis a

prolongedone,as is shownby theresultsinTable1. Itwill

be especiallynotedthattheductilityis notaffected.Inthis

respecttheeffectof corrosionon dura,luminis similarto the

effecton ironandsteelandon manynonferrousmetalsandalloys.”
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A metsllographicexaminationof theunderlying

wouldshowthatthemetalhadnot

condition,thatis,thecorrosive

of metalfromthesurfacewithout

beenchanged

4

uncorrodedmetal

fromitsinitial

attackconsistedin theremoval

penetratingto anyappreciable

depthintothebodyof thespecimen.

A corrosiveattackof thisgeneralnatureis of moreseri- .-

ousconsequencein thosecasesinwhichthemetslis in contact

for a gooddealof thetimewiththeliquidcorrodent.It is

especiallyseriousin creviceswhichservetoholdtheliquid,

asmay sometimesbe thecaseinweldedarticles.An attackof

thiskindisnotordinarilyveryseriousin atmosphericservice

unlessa gooddealofmoisture,especiallyseaspray,is encoun-

tered.

—.
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Effectof corrosionon thetensilepropertiesof 14-gaugesheet
duralumin,heat-treatedby quenchinginhotwaterafterbe-
ingheated15 minutesin a fusednitratebath,500-510°C.

Thetensionspecimensaftermachiningwerecorrodedas indicated.
(SeeTableI of thenextreportof thisseriesforcomposition.)

TensileCprrosivetreatment — properties Remarks*Ult.Ten.Str.Elong.(2°

None
lb./in.~per cent

{
61,700 20.0
61,500 21.0

Immersed~ uin.in
{
61,700 19.5

10 per centHF 61,300 20.5

e Immersed-$hourin
10 per centHF
(thicknessreduced

Brokeoutsidecen-
62,000 29.0 trfl2-inch

. from.064to .054
inch).

gauge-length

* Brokeoutsidecgn-
60,800 19.0 tral2-inch

gaugelength

5 min.in10per cent
{
59,600 18.5

}
Brokethrough

NaOHsolution 59,400 20.0 gauge mark

1 hourin 10per cent Brokethrough
NaOHsolution(thick-

{
62,100 19.0 gaugemmk

nessreducedfrom Brokethrough
.064to .034inch) 59,200 18.5 =augemaxko

*Referredto truesection.

b
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IntercrystallineCorrosion.

Somesheetdura,lumin,undersomeconditionsof,use,doesnot

maintainitsoriginalpropertieswithoutimpairment.A very

striking,andperhapssomewhatexceptional,exsmpleis thatof

thesheet-duraluminwingcoveringof a J-Lairplane,originally

strongenoughto permitoneto walkuponit,whichbecamesobrit-

tleaftertwoyears!exposure(followingitsuse in service)on

the seashoreat theNavalAirStationat HamptonRoads,Va.it
thatthefi~er couldbe thrustthroughthesheetmetal. This

typeof corrosion,by whichthemechanicalpropertiesof sheet

dulaluminmaybe verygreatlyaffected,appearsto be quitedif-

ferentfromthemorefamiliarone. Thegeneraleffectuponthe

propertiesconsistsin a pronouncedloweringof theductility

of thematerialaccompaniedby a somewhatsmallerdecreasein

tensilestrength,in contrastwiththeeffectof thetypeof

corrosionpreviouslydiscussed.Thisis illustratedby Figure

2,a andb, whichshowstheappearanceof a testedtensionspec-

imenof sheetduraluminwhichduringatmosphericexposure(8

months)becameveryweakandbrittle.The “multiplecracks”

shownby thetestedbar~e ch~acteristicof thisembrittled

conditionandgiveto thematerialan apparentelongationwhich

is greaterthanreallyexists.Figure2C illustrateshow seri-

OUSIYthebendingpropertiesof thematerialmaybe affectedby

corrosionof thiskind. Thebendtestis a simpleandsatis-

factorymeansof showingthepresenceof advancedembrittlement
.
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of sheetmaterialas a resultof thistypeof corrosion.

A metallographi.cexaminationof sheetduralumincorrodedin

a mannerso as to causethispronouncedchangeinproperties,

showsthata pronouncedstructuralchangehasoccurredwhichac-

countsforthechangein tensileproperties.Thisis depicted

inFigure2,d- whichshowsa completecrosssectionof thesheet

of FQgurel,c,whichhadbeenveryseverelyembrittledby corro-

sion. Usuallytheattackisnot sopronouncedas thisbutis

confinedto thematerislimmediatelyadjacentto thesurfaceas

is showninFigure2,e. Thech=acteristicfeatureof thistype

of corrosiveattackisthefactthatitpenetratesintothemet-

al andisnotmerelya surfaceattackas is theforegoingtype.

The corrosionis confinedalmostentirelyto thegrainbounda-

riesandinpenetratingintothemetal,thepathfollowedis an

intercrystsllineone. Forthisre&son,thistypeof corrosive

attackistermedl’intercrystallinecorrosion.’[It is withthe

deteriorationof dwaluminby thisformof corrosionthatthe.

investigationdiscussedin thefollowingreportshasbeenlaXgelY

concerned,.

Sheetdurslumin

attackwould,on the

testing,be expected

whichhasbeensubjectedto intercrystalline

basisof ourgeneralknowledgeof endurance

to showa greatlyloweredendurancelimit

or resistanceto “fatiguestresses.”Thisexpectationis borne

outby thedatagivenin Fi~re 3, whichshowstheresultsob-

tslnedforspecimensof embrittledsheetd~slumintogetherwith

.
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theresultsof llnormal!lsheetmaterialof approximatelythesame

thickness.*Anyabruptchangein thecross-sectionalareaof a

specimensubjectedto vibratoryor IIfatiguestresses,’tparticu-

larlywhenin theformof a notch,buildsup locallythemaximum

fiberstressesfarabovethecomputedaverageforthewholespec-

imen. Thenarrpwermd deeperthenotch,suchas wouldbe the

casewiththefissuresresultingfromintercrystallinecorrosion,

themorepronouncedtheeffectwouldbe. Theshortenedlifeof

suchpartswhichin servicearesubjectedlargelyto vibratory

or repeatedstressesis to be e~ectedandshouldcauseno sur-

prise.

PracticalAspectsof IntercrystallineEmbrittlement.

Certainchemicals,suchas calciumchloridesolutions,used

as IIanti-freeze“ in thewater-recoverysystemsof an airship

mayverypromptlycauseintercrystsllineembrittlementof duraAu-

min,thusrenderinga duralumingirderuponwhichitmaybe

spilled,quiteunsafe.Evenwhenno activecorrodentis in evi-

dence,as inplanesoperatingsolelyinland,brittlenessmayde-

velopafterlongservice.In fact,sheetdursluminkeptin a

drawerof an officedesk(Bureauof Standards)hasbeenfouqdto

be embrittledasprovedby endurancetestsandby microscopic

examination.Varnishingthesurfaceof thematerialcannotbe

dependeduponas a protectionagainstthisformof corrosionat- ‘

tack;evidenceof well-advanceddeteriorationhasbeenfoundin
*Seealso:R. R. Moore,“Effectof CorrosionupontheFatigue
Resistanceof ThinDuralumin,~lAmericanSocietyTestingMaterials,
PTOC.2?,PaXt2, 128,192?.

——
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. varnishedsheetdurslumin.

On theotherhand,a greatdealof theduraluminsheetex-

aminedafterlongserviceunderrathercorrosiveconditionshas

notbeenfoundto be harmed,thatis,in an intercryst~linemsn-

ner,by time,exposure,oruse. In fact,theexistenceof any ‘

pronouncedtendencyof thismaterialtowardembrittlementwasin-

itiallyquestionedby makersof dursluminandby bothmakersand

usersof aircraft.Whentheirattentionwascs31edto it and

theylookedforit,however,theyallSoundit andithasbeen

met in duraluminof foreignaswellas Americanmanufacture.*

Manyof theearlyobservationsmadeat theBureauof Standards

on embrittledsheetdursluminwereonmaterialof Germanmanu-

facture(Fig.2). Thepossibleshortcomingsof sheetduralumin

in thisrespectarenowrealizedandadmittedby themanufactur-

ersof thealloyandintheinvestigationon thissubject,form-

ingthebasisof thesucceedingreportsof thisseries,thelead-

ing,Americanmanufacturershavecooperatedin a verycommendable

way.
Thefactthatmostduraluminpartsof aircrafthavelasted

*See,forexample:C. F. Jenkin[sllNoteon thePossibleGradual
Deteriorationof Duralumin,llAppendix11 of ItReportof theAir-
worthinessof AirshipPanel,“ BritishAeronautic&1ResearchCom-
mitteeReportsandMemorandaNo*970,1924.
R. R. Moore,I’Discussionof FatigueTesting,’1Proc.Am.Sot.Test.
Materials27,Pt. 2, p.152,1927.
TordAngstr/$m,“Influenceof Sa3tWateron Duralumin,“ LtAeronau-
tique,7,p.77,1925.
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wellindicatesthatthedifficultyisby no meansinsuperable,

oncethecauseis known. It canbepositivelystatedthatthe

embrittlementresultsfromsourcesoutsidetheduraluminagdthat

it isnota spontaneousdisintegrationof themetalitself.If

thematerielismademoreresistantto corrosionof thistype

or if thecorrodingsgentsme keptoutof contactwiththemate-

rial,no deteriorationwillensue.

Thedangerfromembrittlementdecreasesas thecrosssec-

tionof theduraluminincreases.Thick-walledtubinghasbeen

foundpracticallyunharmedafterexposurewhichhasquiteruined

thinsheeton thesameairplane.Thereseemsto be no important

embrittlementproblemin thecaseofpropellers,forexample.

On theotherhand,unprotectedthinsheet(of0.00811thickness)

maybe gravelyinjuredby a fewdays!exposureto airanddis-

tilledwater,orby a fewweeks~exposureto theweatherinland,

Theinsiduousnatureof thetypeof corrosionwhichcauses

embrittlementbelowthesurfacewithoutnecessarilybeingaccom-

paniedby visiblecorrosionon thesurface,andthefailureof

ordinarycoatingsto affordcompleteprotectionagainsttheat-

tack,makesit essentialthatthecausebe locatedandtheat-

tackpreventedinsteadof relyinguponinspection,removaland

replacementof affectedmaterisl.

Thereisno satisfactorysubstituteforduralumin.It

standsto-dayas an essentialmateris3forsircraft.Unlessits

reliabilityandpermanencecanbe assured,aircraftdevelopment
.
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willbe hampered.Ithasbeenthepurposeof theinvestigation

reportedinthisseriesof technicalnotesto developmethods

of improvementandofprotectionwhichwouldassuretherelia-

bilityandpermanenceof duralumin.

Justas therewasa lagbetweenthefirstfindingof the

phenomenonof intercrystallineembrittlementanda generalunder-

standingof itsimportance,so is therenow a lagbetweenthe

developmentof satisfactorymethodsof avoidingembrittlement

andtheirwidespreadapplication.Thefirststagewasoneof

falsesecurity,the second(andpresent)oneofunnecessaryfeax,

andthethirdwillbe oneof reslsecurity.

As hass3readybeenpointedout,*it isnowno longera

questionwhetherornottheintercrystallineattackcanbepre–

vented,butinerelywhichoneof severcleffective

be chosenin a particulmcase.

Hence,thisseriesofreportsshouldtendto

methodsshoyld

emphasizethe

dependabilityofproperlytreatedandprotectedduraluminas a

materialforaircraftconstruction.
*ThirteenthAnnufiReportof theNation~AdvisoryCommitteefOr
Aeronautics,1927,p. 45.

Bureauof Standards,

Jc!,nUary25,1928.

.
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Fig.1 Part of a duralumingirder of the type used forairships, after
3 yearsexposuretothe atmosphere. Thesteel endplates ae

badly rusted while the duralumincharnelsandlattices showno appreciable
surface attadk.J .———. .-—. .- -——
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Fig.2 Effect of intercrystalline corrosion OQthe mechanicalproperties
ofsheetduralumin.

a, Varnishedsheet(.057!1)e~sedtothew&ther8months,x2:
ultimatetensilestrength48,600lb./ln.,elongation(2inch)6.5$

b, Anothersheet (.048”) after 1 year in storage,x2:ultimatetensile
strength,55,000lb./in.2,elongation(2inch)16 per cent.Specifie
valuesfora andb,55,000ultimatetensilestrength;30,000lb./in.$
lyield’point;18percentelo~ation.

c, Sheet‘ma’terial(.012s’)tiedaiwingcoveringonJ-La@planee~ose~--
2 yearstotheseaair,severelybenttoshowthedegreeof
embrittlement,x 2A.

d, Crosssectionofthematerialofc,x 250.

e, Crosssection of a sheet ofWcaluminwhichwaskeptindoors
(iny officedesk)forseveralyears,x500. .—-.——-.
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Acii?tiu Llazsrlal ~FOT~Olng,ln~iam~er(approx.) iote.An axTowfa@ni-
~Longitudina& @Zmbri~tledmatoris.1“ fiesa specimea
~Tramsverse eTemplin,A.S.T.11.proO-.27,p.l4O,1927. renove,lunbroken.

Determinedon 1/4”row-dspec.from1“rouxl.

103 104
Qyclesof-stressforffil”lme(~).@~i*wC scale.‘-

Fig.3Resultsof flexurnlf~tiguctestof sheetdu.ralumin,e.pprox.040nthick.Thestre~s
ra.n~einaios,te~forthefailureofthee~brittle~specimenszppliesonlyto thesetof
specimmmused,fordifferentlotsof embri~tledmaterialituayvaryveryconsiderably
accordingtotheseverityof thecorrosiveattack.


